In urban landscape, amphibians face many challenges in order to sustain their populations, such as road mortality and infection of pathogenic Batrachochytrium dendrobatidis (Bd). Bd infection has been reported to cause significant mortality; however, its current distribution in the state of New Jersey remains unknown. In spring, amphibians emerge from their wintering group and migrate to nearby breeding ponds or vernal pools. Their migration pathway is often intercepted by the dense network of human transportation which leads to extirpation. This study aims to investigate potential mortality caused by human transportation and the infected rate of Bd fungus on the amphibian populations at a suburban area in central New Jersey. Twenty-four pitfall traps were installed to collect amphibians. A total of 687 organisms representing 7 amphibian species were recorded during the 73-day study period. Four of the 7 species were selected to test for Bd infection; 73.6% of the amphibian skin swabs showed positive results of infection. However, Bd was not detected in water and soil samples collected around the study areas. The results of this study suggested that road mortality and pathogenic Bd might have tremendously impacted the urban amphibian populations and might have been the major causes of the current trend of amphibian population decline, particularly in the urban area.
Introduction
The declination in global trends of amphibian populations is one of the most obscure environmental problems that scientists and wildlife face today [1] . Wetland habitats provide food, shelter and substrate for amphibians and act as keystone ecosystems enabling amphibians to complete their life cycles. However, worldwide wetlands are being destroyed and/or lost at an alarming rate; approximately 50% of global wetland area has been lost primarily due to human activities [2] . In the United States, 53% of all historical wetlands in the lower 48 states have been destroyed by anthropogenic causes, such as urban development, agriculture activities, hydrological alteration, water pollution [3] , etc. The reliance of amphibians on those habitats makes them vulnerable to the current trends of degradation and loss of wetlands around the globe [4] . Another threat to wetland ecosystems is global climate change accelerating the rates of wetland degradation and loss [5] . Global climate change has been documented to affect temperature, humidity, evaporation, transpiration, precipitation, and the rate of sea level rise [6] [7] . Those changes in climate patterns are likely to cause many wetland ecosystems to experience changes in its freshwater inflow and water balance; it is likely to dramatically affect seasonal vernal pool wetlands, particularly at the lower latitudes. Vernal pools at the arid area might disappear as a result of an increase in temperature and a decline in precipitation.
At the landscape level, habitat loss and fragmentation are major threats to amphibians. Humans have dominated most of these regions in Northern landscapes and most evident, the succession of building complex networks of roadways for ease of the transportation amongst passengers, consumables, and other goods. Today, in the United States alone, this network extends for approximately 4 million miles covering approximately 1% of total land area and was used by about a quarter billion vehicles [8] [9] . This trend of urbanization and its impacts on habitat fragmentation and loss are expected to continue into the future [10] . These roads cut through urban area, industrial parks, tropical forests, flood plains and tidal salt marshes, etc. While transporting human and goods to their destination, roads fragmented natural habitats at the expenses of wildlife species which depend on those habitats to survive [11] . Forman (2000) estimated 20% of the land area in the conterminous U.S. was under impacted ecologically by the network of roadways and traffic. Habitat degradation, fragmentation, loss, and isolation caused by human transportation have become one of the major pressures driving species extinction and endangerment [11] [12] .
In early spring, amphibians emerge from their wintering ground in the upland forests and migrate up to 3000 meters to nearby ponds and pools including vernal pools to feed, mate and breed [4] [13] [14] . Their migration pathways often are intersected by human transportation roadways. Many studies documented high mortality rates of amphibian species along these crossways during the spring migration season, both pre-and post-breeding; mortality along roadways could detrimentally impact the continuation of amphibian populations [4] [11] [12] [15]- [19] . Mortality rates were also reported to be increasingly correlated with traffic volume [4] [20] .
While the complex network of roadways transports passengers, consumables, and other goods, it also transports pathogens, alongside other contaminants, which poses an immense challenge for amphibian populations in their new and altered landscapes [11] . Fewer breeding habitats due to fragmentation and loss might have further limited the dispersal and migration movement of amphibians and caused populations to concentrate within the limited available living space, which further results in an increase in the spread of pathogens both intraspecies and interspecies. Batrachochytrium dendrobatidis (Bd), a chytrid fungus, infects the keratinized tissue of amphibians and causes chytridiomycosis. The disease has drawn attentions of herpetologists globally due to its high mortality rates and its wide range of distribution, found in Australia, Central and South America and part of North America. Although this disease is often fatal, its mechanism remains unknown [21] . In the past few years, Bd has spread to the east coast of United States from Maine to Rhode Island [22] . To date, Bd has infected more than 350 amphibian species and has claimed to be responsible for the decline of over 200 species [23] . It has been considered as one of the most destructive emerging diseases worldwide [1] [24] [25] . Garner et al. (2009) reported approximately 50% of all amphibian species were threaten with extinction worldwide. Many were due to a combination of habitat loss, pathogens as well as global climate change [26] .
This study aims to investigate challenges faced by amphibians on urban landscapes in today's changing world with special focuses on potential impacts caused by human transportation and pathogen, Batrachochytrium dendrobatidis. Potential mortality caused by human transportation and infected rate of Bd fungus on the amphibian populations were observed at a suburban area in central New Jersey.
Material and Methods

Site Description
This study was conducted at River Road Park at Bedminster, NJ (40.662223-74.646626). River Road, a busy commuter route, cuts through the park. The River Road Park includes over 300 acres of preserved open space for passive recreation and the 183 acre Stahl Natural Area, a nature preserve. The southern side of the road offers mature forested habitats and riparian habitats along the North Branch of the Raritan River. The forest is dominated by red hickory, red maple, spruce, black cherry, white oak, red oak, American elm, Japanese barberry, etc. The northern side of the road is grassland with two ponds hidden behind the tall grasses. This grassland is an important bird nesting area of the region housing species including Grasshopper Sparrow, Savannah Sparrow, Eastern Meadowlark, Bobolink, and Northern Harrier [27] . This diverse grassland habitat has been actively managed through mowing and brush-hogging since 2004 partially funded by the Wildlife Habitat Incentives Program from the US Department of Agriculture Natural Resource Conservation Service. During the spring migration season, pool-breeding amphibians leave their wintering ground in the forested habitat at the southern side of the road and migrate to the two ponds at the northern side of the road.
Pool-Used Amphibians' Populations Estimation
A 185-meter transect line was placed parallel with the roadway at approximately 5 meters from River Road in the forested habitat (Figure 1) . Silt fence was placed along the transect line to present organisms crossing. Twenty-four 19-Liter buckets were used as the pitfall traps to collect amphibians. The traps were spaced equally across the transect at approximately 8 meters apart and buried with about 5 centimeters of the bucket exposed with a soil ramp around the edge of the bucket. Organisms found in the traps were recorded twice a day at 12-hour intervals between March 14 and May 26. Excess dirt and debris were removed from the trap daily and the amount of water in each trap was recorded. Daily temperature and precipitation data were obtained from the New Jersey Weather and Climate Network.
New Jersey-The Garden State Figure 1 . An aerial view of the study site located at Stahl Natural Area, Bedminster, NJ. The line marked the location of the 185-meter transect line where 24 pitfall traps were installed. The blue stars marked the locations for water sample collection, and yellow triangles for soil samples.
Amphibian Skin Swab Samples
Individuals of four dominant amphibians species, American Toad (Bufo americanis), Green Frog (Rana clamitans), Northern Grey Tree Frog (Hyla versicolor), and Spring Peeper (Pseudacris crucifer), caught in the traps were randomly selected and tested for infection of Batrachochytrium dendrobatidis. Sterile cotton swabs were used to swab firmly on the belly skin for 25 times. Ventral area of focus with appendages as well with a total area of roughly 5 -6 cm × 5 -6 cm and then placed in 1 ml 70% ethanol in sterile microfuge tubes. The excess stick of the swab was cutoff to submerge the cotton tip completely into ethanol. The samples were labeled and stored at −20˚C prior to processing [28] .
Soil and Water Samples
At the last collection date, we also collected soil and water samples from the region. Ten soil samples were collected along the transect lines and on the migration pathway (Figure 1) . Eight water samples were collected from the two breeding ponds and the two creeks bordering the ends of the transect line (Figure 1) . Both water and soil samples were stored in sterilized glass jars, kept in ice, and immediately transported back to Seton Hall University laboratory and kept at 4˚C for further DNA analysis for detection of Bd.
Batrachochytrium dendrobatidis (Bd) Cultures and DNA Extraction
Bd culture was obtained from Dr. Joyce Longcore's lab at University of Maine. The culture was maintained in 1% tryptone media. The DNA extract from Bd served as the positive control. Two methods were used to extract DNA from Bd culture and frog skin swabs. One was according to the methods of Longcore [29] ; the other is modified chelex extraction method from Bio-Rad InstaGene TM Matrix manufacturer's protocol. The samples were retrieved from −20˚C freezers, centrifuged at 17,000 rpm, 4˚C for 10 minutes. The supernatants were discarded and the pellets were resuspended in 300 µl diH 2 O. The samples were centrifuged again at 17,000 rpm, 4˚C for 10 minutes. The supernatants were discarded and the pellets were resuspended in 200 µl of Bio-Rad InstaGene TM Matrix. The samples were vortexed for 10 seconds and incubated at 56˚C for 2 hours. After incubation, the samples were vortexed again and incubate at 100˚C water bath for 10 minutes. Centrifugation at 10,000 rpm for 3 minutes and the supernatants were transferred into another sterile microfuge tubes. The chelex extracts were stored at −20˚C for PCR based assays. Water samples were collected and the DNA was isolated by using the same chelex extraction protocol. Soil samples were processed and DNA was extracted with MO BIO UltraClean® Mega Soil DNA Isolation Kit (Catalog No. 12900-10) according to the protocols described by the manufacturers.
PCR-Based Assays
Bd1aF (CAGTGTGCCATATGTCACG) and Bd2aR (CATGGTTCATATCTGTCCAG) primers [29] were used for all PCR-based assays. Bd1a lies in a conserved 97-bp region of the ITS1, and Bd2a is a conserved 50-bp region in the ITS2 of B. dendrobatidis. These regions were conserved in all of the sequenced B. dendrobatidis isolates.
The following PCR protocol was used: 2 minutes at 95˚C/40 cycles of 20 seconds at 95˚C; 10 s at 61˚C; 10 seconds at 70˚C/7 minutes at 70˚C in 20 μl volumes with 1 μl of template 10 (10 ng total DNA) and 10 pmol of each primer. 10 μl of Novagen® KOD Hot Start Master-Mix (0.04 U/μl) was used per reaction at manufacturer's standard conditions.
Sizes of the PCR products were estimated by electrophoresis on 2% agarose gel with TAE buffer. The PCR products were sequenced using GENEWIZ sequencing facility. The sequences obtained were verified by NCBI BLAST searches.
Results
Potential Mortality of Amphibians Caused by Human Transportation
The early spring migration typically occurs during warm wet spring nights while warm temperature signals the beginning of the breeding season and moist air and ground prevent their delicate skins from desiccating. During the 73 days of study period from March 14 to May 26, 39 days were warm and wet and with migration activities observed, temperature ranging from 1.11˚C to 24.72˚C and precipitation up to 4.4 cm per 24-hour period. A total of 687 organisms representing 7 amphibian species were found in the 24 pitfall traps ( Table 1) . The most dominant species was American Toad (Bufo americanis). A total of 469 American Toads were recorded in the traps during the study period accounted for 62.2% of total organisms. Although American Toads were frequently found in our survey traps throughout the study period, high density migration events were discovered earlier during the migration season (late March-early April). For instance, the maximum number of American Toads found during a 24-hour period was recorded at 216 with the average daily temperature of 11.11˚C and 0.14 cm of precipitation on March 23. The second highest density was 108 American toads recorded at a day with similar weather condition, with an average daily temperature of 12.22˚C and 0.54 cm of precipitation on April 9. On the contrary, the second most common species, Green Frog, Rana clamitans, (153, 20.29%), tends to appear later during the migration season in May when the temperature is warmer. For instance, a total of 73 green frogs were recorded on May 23, while the average daily temperature was 18.33˚C. Other species found in the traps include Bullfrog (Rana catesbeiana), Fowler's Toad (Bufo fowleri), Northern Grey Tree Frog (Hyla versicolor), Spring Peeper (Pseudacris crucifer), and Wood Frog (Rana sylvatica) ( Table 1 ). Other non-target organisms found in the traps include Red-spotted Newt (Notophthalmus viridescens), Spotted Salamander (Ambystoma maculatum), Red-backedSalamander (Plethodon cinereus), Common Garter Snake (Thamnophis sirtalis), Voles (Microtus spp.), and Common Snapping Turtle (Chelydra serpentine).
Bd Detection with PCR-Based Assays
Bd1aF and Bd2aR primers were used for all PCR-based assays. The DNA extract from Bd served as the positive control. Two methods were used for DNA extraction from Bd, one is according to the method of Longcore [29] ; the other is the modified chelex methods. Both methods obtained identical results and our modified chelex extraction method showed slightly better results with rapid processing time, so the chelex extraction method was used to extract DNA from all frog skin swabs and water samples.
Fifty-three samples among four different species were tested: 30 of American Toad (AT), 13 of Spring Peeper (SP), 8 of Green Frog (GF), and 6 of Northern Grey Tree Frog (NGTF). The results of PCR based assay of AT (Figure 2) indicated that Bd1aF and Bd2aR were able to prime the AT skin swabs and obtain a fragment with the size about 300 nucleotides that matched with the target size of approximately 296 nucleotides. Similar results were obtained from SP (Figure 3) , GF and NGTF (Figure 4) . The results indicated that Bd1aF and Bd2aR were able to amplify the skin samples from four collected species and their sizes matched with the target size. For the samples with multiple bands obtained from agarose gel electrophoresis, the bands with expected size approximately 300 bp were cut, extracted and purified from the gel. The PCR products from all of the samples showed positive results and purified gel extracts were sequenced and the complete sequences were generated. The obtained sequences were then analyzed by carrying out homology Blast search and the results showed that there were 97% to 100% similarity to the reported ITS1 and ITS2 region. This study indicated that PCR successfully amplify the skin samples contain Bd. The results indicated that Bd was identified in 23 out of 30 (76.7%) American Toads; 9 out of 11 (81.8%) Spring Peepers; 2 out of 6 (33.3%) Green Frogs; and 5 out of 6 (83.3%) Northern Grey Tree Frogs. Overall, 73.6% of amphibian skin swabs showed positive results ( Table 2) .
The PCR-based assay was also used to detect the possible existence of Bd from water and soil samples. From all these sites (ten soil and eight water sample sites), the results were all negative (not shown), suggesting that there was no detectable Bd in water and soil near the traps.
Conclusions
Batrachochytrium dendrobatidis (Bd) has been identified and reported to spread between the amphibians and further caused significant amphibian mortality. The complete pathogenesis of Bd that leads to mortality in amphibians is being actively studied to fully understand the process. It is suggested that environment factors such as temperature, pH, and varies strengths of Bd virulence play a role in the infection of various species. In this study, the results suggested that urban landscaping could also be a major contributor for emerging of Bd. There are many other reported amphibian pathogens such as ranavirus, leukocyte virus, abrovirus, sanbis virus, some gram negative bacteria Chlamydia, Mycobacterial and Aeromonas hydrophila, Microsporidia, trypanosomes, some pathogenic helminthes and arthropods. Among these pathogens, ranavirus has gained global attention on its emerging damage and it poses a huge threat on natural population of amphibian [30] [31] . Future studies, both Bd and ranavirus should be identified simultaneously for the collecting samples. Although other pathogens do not have large impact on amphibians, climate change and human activities may favored the growth of these pathogens and cause more problems globally in the future. More monitoring and sensitive detection methods should be established.
Although the global transmission route of Bd remains unknown, previous reports suggest it may involve in a number of approaches including human activities, physical contact among animals and contaminated water [32] . Previous reports suggested Bd can be spread by physical contact among frogs or through water [32] . In this study, focused on the northern New Jersey sites, no detectable Bd in any of the water and soil sample was found. The study suggested that soil and water of those sites are not contaminated or Bd present in an under detectable range.
Many methods have been developed to identify Bd on amphibians such as histological and histochemical analysis, PCR and qPCR based assay. In order to carry out PCR based assay, different DNA extraction methods were also reported [29] [32] . Two methods were used at the beginning of this study for both Bd and some skin swabs. The results were similar but the modified chelex method is easier, cheaper, and faster with higher yield. Therefore, in this study, the modified chelex method was used to extract DNA from the amphibian skin swabs followed by PCR-based assays for Bd detection. This method can be used in the future to identify Bd in different areas. This study is to detect the presence of Bd. Further study is needed to determine the infection intensity by using real-time PCR to obtain quantitative data.
The total number of amphibians crossing the 185-meter segment of the River Road during the study period was suspected to be higher than the reported number above. Although silt fences were placed to guide organisms to the pitfall traps and to block organisms from entering the roadways, we documented several incidents of insecure silt fence caused by strong winds during the study period. Some organisms might have escaped from the insecure fence and migrated out of the forested area without being accounted for. Another possible reason to impact the accuracy of the population estimate is predation. A reservation towards the use of pitfall traps/silt fence in amphibian studies was that pitfall traps might become death traps for amphibians and convenient locations for predators to collect the prey. In this study, a wildlife camera was placed along the pitfall traps to observe predation activities if any. We recorded wildlife activities, such as deer checking out the traps and a black bear visiting the area without disturbing the traps. There was no record of predation against organisms caught in traps during the study period.
After data collection, all organisms were immediately transported by trained project personnel across the road and released onto the grassland at the northern side of the road where two breeding ponds are located in order to avoid mortality caused by vehicles on the roadway. The New Jersey Department of Transportation (DOT) Division of Traffic Engineering and Safety actively surveyed and maintained traffic volume data. Based on DOT's survey result, an average of 450 vehicles pass the 2-way River Road during a 24-hour period (NYSDOT, unpublished data). Since the probability that an organism would be killed as it attempted to cross a road, P killed , is positively correlated with traffic volume, the following formula was used to estimate the potential mortality [20] : killed 1.537 vehicles min 0.0048 P = * − Based on the traffic volume of 450 vehicles, the probability of killed, P killed, at the study site was estimated to be 0.4755. The result suggested that, during the 10-week study period, human transportation had a potential to impact 368 amphibians within an approximately 185-meter segment of this two-lane roadway in a New Jersey suburban area.
Amphibians are likely to be particularly vulnerable toward the current trend of habitat loss due to its unique life history pattern of migrating from wintering ground in the upland forests to breeding vernal pools in spring. This study surveyed amphibian populations utilizing a short segment of a commuter road in central New Jersey as a part of amphibian's spring migration pathway. A total of 687 frogs in 7 species were found in the 24 pitfall traps along the River Road during the study period. Among the four abundant species of total 53 frogs tested, 73.6% of the amphibian skin swabs showed positive results of Bd infection. However, Bd was not detected in water and soil samples collected nearby the study areas. The results suggested pathogenic Bd might have tremendously impacted the urban amphibian populations and might have been the major causes of the current trend of amphibian population decline, particularly in the urban area.
